Objectives. Evidence regarding the long-term impact of health and other community development programs on under-5 mortality (the risk of death from birth until the fifth birthday) is limited. We compared mortality in a population served by health and other community development programs at the Hôpital Albert Schweitzer (HAS) with national mortality rates among children younger than 5 years for Haiti between 1958 and 1999.
support of the conclusion that lower mortality rates in the HAS service area can be attributed to HAS programs.
HAS is a local system of health and other community development programs in the Artibonite Valley of Haiti, which has been serving a rural population of mostly subsistence farmers since 1956. 11 This system has gradually evolved over the past half-century from what was initially only a hospital. Between 1956 and 1967, HAS provided immunizations at its outpatient clinic and ran a program that taught local midwives to sterilize instruments that were used to cut umbilical cords during childbirth. Sick children were admitted to the hospital, and mothers of children with signs of kwashiorkor were encouraged to bring their children to the hospital. In the late 1960s, HAS established a program of community-based primary health care, which was closely integrated with the hospital's 10 Today, HAS provides community-based primary health care services to a population of 148 000 persons in 7 functional units of the health district (Unite Communale de Sante [UCS]) of Petite Riviere, Verettes, and LaChapelle. The UCS has a total of 258 000 residents in 14 functional units. Primary health care services in the other 7 functional units are now provided by other nongovernmental organizations and the Haitian Ministry of Health. However, up until 1996, HAS provided primary health care services in all 14 functional units to a population estimated at 180 000 persons.
During the past half-century, numerous advances in medicine and public health have been introduced into local health programs throughout the world. The under-5 mortality rate (the risk of death from birth until the fifth birthday) in developing countries fell by 47% (from 167 deaths per 1000 live births to 89 deaths per 1000 live births) between 1970 and 2001. 1, 2 The degree to which this decline can be attributed to local health programs is not well understood. 3, 4 It appears that a strong direct causal relation exists between program funding, staffing resources, and facilities (inputs); services and advances in knowledge and practice within programs (processes); expansion of programs (outputs); and declines in mortality rates among children younger than 5 years (impacts). Although there is substantial evidence to support the short-term efficacy of specific interventions in controlled settings, 5 the evidence for a direct causal relation between the services of ongoing, long-term local programs and long-term declines in under-5 mortality in developing countries is strikingly limited. Numerous studies over the past half-century have documented that multiple underlying socioeconomic and demographic factors, generally independent of local programs, exert a strong influence on under-5 mortality. [6] [7] [8] [9] We recently reported evidence that links inputs, processes, and outputs to under-5 mortality at the Hôpital Albert Schweitzer (HAS) between 1995 and 1999. 10 Here, we report the long-term trends of under-5 mortality in the HAS service area between 1958 and 1999. We summarized the findings of previously published studies on under-5 mortality at HAS, added findings from the most recent mortality assessment, and compared these findings with those for Haiti at large. We also summarized the evidence in  RESEARCH AND PRACTICE 
METHODS
In late 1999 and early 2000, specially trained interviewers carried out a household survey of 3427 women of reproductive age in the 7 HAS functional units (hereafter referred to as the HAS service area). The women interviewed represented a 10% sample of the total women of reproductive age. They were selected at random from a computerized list of households maintained by the health information system of the HAS Community Health Division. This master list is based on lists of households maintained by health agents, who visit each home every 1-3 months. The master list is updated in the computerized central system every 6 months. The questionnaire used to collect birth history information is identical to that used for the birth history component of the 1999 demographic and health survey in Haiti. 12 This questionnaire asks the respondents for information about the date for each of the respondent's offspring, whether the birth produced a boy or girl, whether the child is still living, the current age of the child, whether the child is living at home or elsewhere, and if the child died, the child's age at death. Two of the authors (H. P. and F. P.) trained the interviewers using a 4-day program and 1 of the authors (F. P.) provided close field supervision and daily review of the collected data. The survey was carried out in accordance with ethical guidelines present at HAS at that time, and participants were given the opportunity not to respond after receiving an explanation of why they were being interviewed and how the information would be used. The collected data were transferred into Epi Info version 6.04d (Centers for Disease Control and Prevention, Atlanta, Ga) for analysis. From these data, mortality rates were calculated for the periods 1985-1989, 1990-1994, and 1995-1999 .
The risk of death from birth until the first birthday ( 1 q 0 ) was approximated using the infant mortality rate: the number of infant deaths during the time period was divided by the number of live births during the same period. The 1-4 year mortality rate is the risk of death from the first birthday until the fifth birthday ( 4 q 1 ). This was approximated by dividing the number of deaths from the first to the fifth birthdays during the time period by the difference between the number of births and the number of deaths during the first year. The under-5 mortality rate is the risk of death from birth until the fifth birthday ( 5 q 0 ). This was approximated by determining the number of under-5 deaths during the time period and dividing by the number of live births. The relation between these rates is (1) 5 q 0 = 1 -(1 -1 q 0 )(1 -4 q 1 ).
All rates are expressed per 1000. For some of the references cited, 1-4 year mortality rates were reported as the number of deaths per 1000 population of that age group per year ( 4 m 1 ). This was converted to 4 q 1 by using the formula
The findings from the analysis of the most recent HAS survey data were then compared with those from previously published studies on under-5 mortality rates between 1958 and 1992 in the HAS service area [13] [14] [15] and for Haiti nationwide from 1970 to 1999. 12, [16] [17] [18] For the periods 1980-1984, 1985-1989, and 1990-1994 , there are estimates from the 2 previous national demographic and health surveys (1994-1995 and 2000) . 12, 18 We report the estimate that was obtained closest to the time of data collection.
In Table 1 , we show 2 estimates for under-5 mortality at HAS for the period 1990-1994. Whenever possible, we have computed 95% confidence intervals for the mortality rate estimates. In all cases except 2, these were computed using Computer Programs for Epidemiologists, PEPI version 4.0. Table 1 and Figures 1 and 2 show that, for more than 3 decades, the infant and 1-4 year mortality rates in the HAS service area have been substantially lower than rates for similar age groups in Haiti as a whole. In the HAS service area, infant and 1-4 year mortality rates declined rapidly between 1958 and 1970 and remained at a relatively low level through 1999. Under-5 mortality in the HAS service area fell from 249. The under-5 mortality rate for Haiti as a whole has declined much more gradually over this same period, beginning at what presumably was a level similar to that in the HAS service area in 1956. Although actual data for Haiti as a whole are not available before 1970, extrapolation of the mortality rates in Figure 2 to earlier time periods suggests that the under-5 mortality for Haiti would have been similar to that at HAS. Remarkably, infant and child mortality rates for Haiti at large continued to decline even in the face of economic deterioration and political instability during the 1990s. For the 1995-1999 period, the national infant mortality rate for Haiti was 1.7-times greater than that in the HAS service area, and the 1-4 year mortality rate was 2.6-times greater than in the HAS service area.
RESULTS
The median of the 95% confidence intervals for the mortality rates in the HAS service area (Table 2 ) is 19.4% of the rates themselves and for the national rates 9.7%. In all cases in which it was possible to measure confidence intervals, the differences between the rates for the HAS service area and the national rates for Haiti for the same or similar period are statistically significant. The population of the HAS service area has gradually increased during the period of observation as a result of population growth and expansion of the geographic area of service. We have conservatively estimated the population of the HAS service area where measurements of mortality took place (Table 1) . However, HAS also provided services in adjacent geographic areas not included in our mortality assessment.
DISCUSSION
Our findings indicate that infant mortality rates, 1-4 year mortality rates, and 0-4 year mortality rates in the population served by HAS have remained substantially less than those for Haiti as a whole over a period of 3 decades. In fact, in the early 1970s when comparisons were first available, the rate at HAS was only one quarter of that for Haiti as a whole. Even though HAS rates have remained relatively unchanged since 1970, the rates for the HAS service area in 1995-1999 were still approximately half as great as those nationally during that same time period. Furthermore, these mortality rates remained low during the period from 1968 until 1996, when the HAS service area gradually expanded from 8820 to 180 000 people.
These findings raise the question of whether the observed differences in mortality can be attributed to the programs provided by HAS. Elsewhere 10 we have assessed the level of inputs (health staff resources and health facilities), service use (number of home visits, nutritional evaluations of children, ambulatory visits, and hospital admissions as well as number of community development activities), and outputs (coverage of key child survival services) in the year 2000 and in the 5 to 10 years before that. An extensive staff and facility infrastructure is in place and has been stable during the previous 4 decades. HAS provides a high volume of community outreach, ambulatory, and inpatient services, as well as a substantial variety of community development activities. The coverage of key child survival services (immunizations, vitamin A distribution, treatment of diarrhea, treatment for serious respiratory symptoms, prenatal care, birth assistance by a trained health provider, exclusive breastfeeding during the first 6 months of life, and family planning) is at least 1.5-times greater in the HAS service area than in Haiti at large and ranges as high as 2.8-times greater. 10 Thus, the inputs, processes, and outputs of the health services at HAS during the late 1990s, when compared with those for Haiti nationally, support the conclusion that the differences in under-5 mortality can be attributed to the integrated system of primary health care, hospital referral care, and community development programs operated by HAS. Although data regarding inputs, processes, and outputs for earlier periods are not available, it is common knowledge in Haiti that the services present at HAS in the late 1990s were generally reflective of the volume and quality present there for several decades.
Is the entire population of Haiti an appropriate comparison group for the HAS service area? We compared data regarding the socioeconomic characteristics of the HAS population and those of rural Haiti for the year 2000 and found that the levels of education, access to electricity, and household sanitation were essentially the same for the 2 populations, although the access to protected water was substantially less in the HAS service area. 10 Furthermore, we found that the levels of childhood malnutrition in the HAS service Source. HAS birth history survey, 2000, and Cayemittes et al. 12, 18 Note. Rates refer to the total risk of death over a 5-year period, from birth to 59 months of age. Mortality rates for rural Haiti were not available before 1985. area as measured by height-for-age, weightfor-age, and height-for-weight were no better than in the rest of rural Haiti. 10 Haiti is a relatively small country of 8.1 million people in an area about the size of Maryland. Haiti is still largely rural, as is the population served by HAS. Furthermore, it has no major ethnic, religious, cultural, or language divisions and is relatively homogeneous in economic terms except for a very small middle class and an even smaller class of elite. In 1970, 78% of the national population was rural and in 2001, 64% was rural.
2 As Table 1 and Figure 2 demonstrate, under-5 mortality rates were not available for rural Haiti before 1985 , and the rural rates that are available recently are similar to the national rates. For the above reasons, we conclude that the national population of Haiti is a suitable comparison group to the HAS service area except in terms of the availability of health and other community-development programs. The rapid decline in under-5 mortality during the first decade of program operations at HAS can be explained largely by the decline in mortality from neonatal tetanus (almost all pregnant women were immunized against tetanus) as well as by the increased coverage of other key child survival interventions. In the late 1960s, a retrospective study found that neonatal tetanus had been responsible for 270 deaths per 1000 live births. 20 When HAS began providing services in 1956, program emphasis was on immunizing pregnant women against tetanus, hospital care of newborns with tetanus (a recovery rate of 50%), and proper umbilical cord care at the time of delivery. Only when the community health program began in 1967, which made it possible to immunize all women of reproductive age, did infant mortality attributable to tetanus fall to virtually zero. 20 Even after the dramatic initial declines at HAS in under-5 mortality from 1960 to1970, the 1-4 year mortality rate declined by 56% between 1970 and 1999 (35.4 to 15.7) and the overall under-5 mortality rate declined by 23% (from 80.7 to 62.3) during the same period. However, the infant mortality rate has shown no consistent trend and remained between 33.0 and 47.3.
Why has there been a lack of progress at HAS in further reducing under-5 mortality since the early 1970s? The program service area gradually expanded from 8820 to 180 000 people and the areas of expansion were mostly in isolated mountainous areas. There, the mortality rates are twice that of the central valley area around the hospital, where the community health program began (H. P., MD, unpublished data, 2006).
In 2000, rates of childhood malnutrition at HAS remained very high: 18.4% of children were at less than 2 standard deviations below the international mean of weight-for-age and 22.6% of the children were at less than 2 standard deviations below the international mean of height-for-age. 10 Improving household food security was difficult in the midst of Haiti's economic and political turmoil during the 1980s and 1990s. Thus, the persistence of childhood malnutrition limited progress in further reducing under-5 mortality. The arrival of HIV/AIDS in the population in the early 1980s is another possible explanation. We have estimated elsewhere 10 Note: CI = confidence interval; HAS = Hôpital Albert Schweitzer; NA = not available. a Estimate of the probability of death between birth and the first birthday ( 1 q 0 ) multiplied by 1000. See the "Methods" section for further details. b Estimate of the probability of death between 1 and the fifth birthday ( 4 q 1 ) multiplied by 1000. The 1-4 year mortality rate used is the average risk of death over a 4-year period, which was present for the period of time indicated in column 1. See the "Methods" section for further details. Haiti has one of the most mobile populations in the world. Furthermore, children are frequently moved from one household to another and away from 1 or both of their biological parents because of the death of a parent, instability of conjugal unions, changing locations for agricultural work, or opportunities for income generation in other areas. 22 Field experience in Haiti suggests that children born into unstable unions have higher mortality than children born into stable households. 22, 23 As a result, the challenges for continuity of care in child health programs and reducing child mortality further are enormous. Between 1986 and 1999, the country remained in almost continuous political turmoil and steady economic decline. There were frequent changes of government and the per capita income declined by 3.0% during this period. Given the higher levels of mortality in the expansion areas, the impoverishment of the population, the low level of education, the high rates of childhood malnutrition, HIV/AIDS, the mobility of the population, and the overall political instability that were all present throughout this period, it is remarkable that the under-5 mortality rates at HAS did not increase as the service area gradually expanded.
Limitations
The main weaknesses of this study are that the mortality data are largely retrospective and that a gap existed in data collection between 1972 and 1992 at HAS. However, national data were based on a similar retrospective methodology with a gap in data collection between 1970 and 1995. The net effect of the possible biases should be negligible when comparing the differences in under-5 mortality between the HAS service area and Haiti at large. The inclusion of prospectively collected vital events data in the late 1960s at HAS along with subsequent retrospectively collected vital events data is not likely to significantly affect the quality of the data, because recent research has demonstrated a high degree of correlation when the 2 methods are applied to the same population. 24 
Similar Assessments Elsewhere
We are aware of only 1 other program that has documented long-term program effects on under-5 mortality: the Matlab Maternal and Child Health-Family Planning Program in Bangladesh. In Matlab, under-5 mortality in an intervention area of 100000 people has been monitored and compared with under-5 mortality in an adjacent control area since 1965. 25, 26 There, under-5 mortality rates have generally been one-third lower in the intervention area than in the comparison area, and this difference has persisted since 1978. 27 Although the Matlab program has a far more rigorous and intensive surveillance system and lacks a community development component, it is similar to HAS's program in that it provides services in the home and refers patients needing hospitalization. Other programs that have been able to document impact on under-5 mortality have reported findings for much shorter periods of time (usually 5 years or less), and these programs have usually introduced 1 or several selected interventions. 
Conclusions
Our findings support the conclusion that a local system of comprehensive health and development activities can make a major longterm impact on under-5 mortality. Narrower, disease-specific approaches have been successful and can take justifiable credit for their role in reducing the number of child deaths globally. 41 However, overreliance on such approaches may be one of the factors that has stalled progress in further reducing under-5 mortality. Although successful in the short term, these narrower, disease-specific approaches are not the long-term answer. The need, therefore, is to begin to strengthen integrated long-term local health and community development programs in order to achieve sustainable gains in public health. [42] [43] [44] [45] Our findings provide supportive evidence that HAS, as an integrated system of health and development activities, has reduced under-5 mortality and sustained that reduction over 3 decades. Similar results in other severely impoverished settings should be achievable if adequate financial and technical support and professional leadership are available. Additional evidence regarding long-term effectiveness is needed from other program sites around the world. The United Nations Millennium Goal is to reduce under-5 mortality by two thirds by the year 2015. If that goal is to be reached, financial and technical support as well as professional leadership will be required to build on successful experiences such as that at Hôpital Albert Schweitzer by replicating and scaling up these programs. 
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